The preceding paper has demonstrated the ease with which bacterial infection of the liver can be initiated in the presence of common bile duct obstruction in animals.1 This report deals with the relationship between bacterial infection of the hepato-biliary system and common bile duct obstruction in man.
The detection of infection within the hepato-biliary system in man is of considerable importance particularly in diseases such as cholecystitis, bile duct obstruction and biliary cirrhosis. Despite the vast literature concerned with the role of bacterial infection in the pathogenesis of these disorders, criteria for the presence or absence of bacterial infection are poorly defined. Severe and fulminating infections are easily diagnosed clinically and pathologically."4 Thus, patients with chills, high fever, blood stream sepsis, shock and abscess formation in the liver are not likely to be overlooked. Much more numerous, however, are those patients with less severe infections for which there are no adequate diagnostic criteria. There are many persons with liver or gall bladder disease who have merely fever or leucocytosis with histological evidence of inflammation without abscess formation. Indeed, the presence of inflammatory exudate in the liver is often not associated with any clinical indication of the presence of bacterial infection.
These problems of definition were clearly recognized by Rolleston 50 years ago.' As late as 1952, however, Moschowitz' remarked, "There are a number of problems in regard to biliary cirrhosis that await solution. 1. What are the relative roles of pure obstruction (cholestasis) and infection (cholangitis or cholangiolitis), in the production of these lesions?" Ten years later, in 1962, we know little more : "Much more information *Assistant Professor of Medicine. ** Assistant Professor of Surgery.
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than we at present possess about the occurrence of infection in this disease (biliary cirrhosis) is urgently required. . ..
The assumption has been made in this study that the most precise determinant of the presence of bacterial infection within the hepato-biliary system rests with the ability to recover bacteria from the tissues in numbers consistent with active bacterial multiplication. The data obtained from the quantitative bacteriological examination of 18 bile samples at the time of surgical exploration form the substance of this paper. It is hoped that with this definition, the role of bacterial infection in the pathogenesis of disease of the hepato-biliary system can be more clearly defined.
MATERIALS AND METHODS

Collection of samples.
Bile. Specimens were obtained at the time of operation. As a rule, aspiration of the gall bladder was carried out early in the operative procedure. On occasion, the clamped gall bladder was removed intact and bile aspirated immediately thereafter. The sample was then either cultured immediately or refrigerated up to two hours and then cultured.
Liver. Wedge biopsies of liver were obtained in some patients at the time of operation. The biopsies were either placed directly in formalin or they were placed in gauze and within 30 minutes a sample was placed in formalin. The remainder, usually about 150 mg., was placed in 19 times its weight of saline, and homogenized.
Bacteriological techniques.
One milliliter of undiluted bile and 0.1 ml. of a 1/100 saline dilution of bile were added to melted agar which was poured into petri dishes, allowed to harden and incubated for 48 hours. At this time the number of colonies visible were counted with the aid of a transilluminating device. A loopful of undiluted bile was streaked on blood agar and desoxycholate plates and a similar amount was used to inoculate beef heart infusion broth and thioglycollate media. The liquid media were observed for 4-7 days before being discarded. Identification of bacterial species was carried out using standard techniques.
In the case of liver, the pour plate prepared from the undiluted homogenate represents a 1/20 dilution of the original specimen. This homogenate was also used as the inoculum for blood agar and desoxycholate plates and for the broth and thioglycollate liquid media.
Selection of patients.
Efforts were made to obtain samples of bile from all patients undergoing biliary tract surgery at the Grace-New Haven Community Hospital and at the West Haven Veterans Administration Hospital. Two patients were excluded from the study because they had been placed on antibiotics prior to surgery. One of these had had acute cholecystitis and was admitted during an asymptomatic period for removal of his stonefilled gall bladder. His bile was sterile. The other had had an accidental ligation of the common bile duct 10 months previously during cholecystectomy. She had had numerous episodes of chills and fever since that time. At the time of operation she was jaundiced, febrile and had an alkaline phosphatase of 78.9 Bodansky units. Her bile was sterile.
Only one patient included in the study had received antibiotics preoperatively because of the severity of his illness. He is patient $15 in Table 1 and the circumstances of his illness will be described in the results.
Microscopical examination of the bile.
Approximately 5-10 ml. of bile were centrifuged for 5-10 minutes and the sediment examined under the microscope. The examination was often difficult due to the presence of crystalline material. Liver function tests.
These studies were carried out in the routine hospital laboratory. The upper limit of normal for alkaline phosphatase in this laboratory is 8.6 Bodansky units.
RESULTS
As is evident in Table 1 , six of the 18 bile samples contained bacteria. These bacteria were present in great number in all but one patient whose bile contained only 200 colonies of hemolytic Staphylococcus aureus per milliliter. This low number of bacteria is considered significant in this instance since the patient had received antibiotics preoperatively and because his blood culture also contained staphylococci. He was ultimately found to have staphylococcal endocarditis at autopsy.
No exclusively anaerobic bacteria were encountered. There was not a good correlation between the presence of white or red blood cells in the bile with the outcome of the culture.
Fever and leucocytosis were present in only four patients at the time the bile samples were obtained. Two patients had fever and leucocytosis (patients #15, 16 ) yet culture of the bile was positive in only one of them (patient #15). Patient #16 had a sterile liver culture also. Patient #17 had leucocytosis without fever and a sterile bile culture. Patient #18 had a low-grade fever without leucocytosis and had large numbers of bacteria in the bile. The remaining four patients with positive cultures had no clinical evidence suggesting the presence of infection within the hepato-biliary system. Thus it is evident that neither microscopic examination of the bile nor alterations of body temperature or white blood cell count were of value in differentiating patients with and without large numbers of bacteria in the bile.
All six patients with positive bile cultures had elevations of their serum alkaline phosphatase levels. In patient #9 the level was barely abnormal (8.7 B.U.) but one month previously it had been 11.5 B.U. Of the 10 patients with elevated levels of alkaline phosphatase, six had positive cultures. All but one of the patients with positive bile cultures had evidence of common duct obstruction at operation. The single patient without this finding had an alkaline phosphatase of 9.9 and his gall bladder contained many stones, suggesting that a stone might have transiently obstructed the common bile duct and then passed into the duodenum. Of the eight patients with common bile duct obstruction at operation, five had positive bile cultures. The data demonstrating the relationship between common bile duct obstruction, elevated serum alkaline phosphatase and bacteria in the bile are summarized in Table 2 . In this small series of patients it would seem that most patients with common bile duct obstruction have large numbers of bacteria present within the hepato-biliary system. On the other hand, bacteria are rarely found in the bile in the absence of common bile duct obstruction.
Although total serum bilirubin levels were elevated in most of the patients with positive bile cultures, it was normal in two and only slightly abnormal in a third. Only one patient of those with positive cultures had a normal level of direct reacting bilirubin and this is the same patient in whom evidence of common duct obstruction was lacking. On the other hand, five patients with elevated total or direct reacting bilirubin levels had sterile bile.
Liver biopsy was carried out in seven instances at the time of operation when the bile sample was obtained. Patients #2 and #7 (Table 1 ) had normal biopsies. These patients had acute and chronic cholecystitis; their liver function tests were normal and bile cultures were sterile. Culture of the liver in patient #7 was also sterile.
The remaining five patients all demonstrated the changes of biliary obstruction by liver biopsy: bile stasis in association with degenerating liver cells and bile duct proliferation. In addition, all of these patients also had inflammatory exudate made up of polymorphonuclear leucocytes and lymphocytes in the portal triads. There was no obvious difference in the nature or extent of inflammatory exudate in any of these patients. Although polymorphonuclear leucocytes were found adjacent to bile ducts, in none of the specimens were inflammatory cells found within bile ducts.
A slight increase in the connective tissue surrounding the portal areas was present in patients #13, 15, 16, 17 (Fig. 1) . In patient #18, however, pronounced biliary cirrhosis was evident (Fig. 2) . In summary, changes of acute inflammation were present in the portal zones whether or not bacteria were recovered from the bile. In patient #16 culture of the liver was also sterile. The only patient with well developed biliary cirrhosis-also had large numbers of bacteria in the bile. None of the patients with bacteria in the bile had inflammatory exudate within the bile ducts. DISCUSSION These studies indicate that large numbers of bacteria are commonly found in the bile of patients with common bile duct obstruction but only rarely in the absence of obstruction.
Many observations have been made in the past to determine the conditions under which bacteria are detectable in the bile.`~These reports are summarized in Table 3 . The most consistent feature of these studies is that qualitative bacteriologic techniques were employed. A positive culture would be obtained, therefore, with the introduction of only a few bacteria at any point in the procedure. For this reason the results are tabulated according to the number of sterile cultures obtained. There is considerable variability from one study to the next and many do not have observations on control patients. It is obviously difficult to draw conclusions about the role of infection in the diseases examined. If, however, these studies are averaged, taking into consideration the number of patients examined, it is evident that a marked decrease in the percentage of negative A remarkable quantitative bacteriologic study (see Table 4 ) was carried out by Andrews and Henry in 1935 which confirms the association of biliary tract infection and common bile duct obstruction." Large numbers of bacteria in the bile were associated almost exclusively with common bile duct obstruction.
Judging by the findings on bacterial culture of bile, it would appear that as a rule acute cholecystitis is not associated with bacterial infection. There is pathological evidence to support this point of view" and cholecystitis has been reproduced in animals by mechanical interference with gall bladder function.' The principal evidence that infection is common in this disease is derived from the studies of Wilkie using a streptococcus whose multiplication was inhibited by bile." The earlier work of Rosenow and Brown implied that streptococci played a role in the pathogenesis of cholecystitis, appendicitis, peptic ulcer and pancreatitis. "' Others have subsequently accepted the concept that infection might exist within the wall of the gall bladder without being detectable in the bile." Although the present study does not bear directly on this point since cultures of gall bladder wall were not obtained, it is pertinent to consider this problem. The bacteriologic techniques which have been utilized by Wilkie and others have been qualitative, thereby making interpretation difficult. Some workers have not confirmed these results."lB Wilkie's data obtained in man rest largely on cultures of the cystic gland, yet the cultural technique employed was quite peculiar. For example, it was necessary to immerse the gland in culture medium for 4-6 hours and then remove it. Only in this way were positive cultures obtained. If the glands were left in the medium, no growth occurred.
In summary, the weight of evidence available supports the view that acute cholecystitis is caused by mechanical and chemical factors related to vascular and lymphatic injury by stone and the toxic properties of bile and not by bacterial infection.
On the other hand, diseases of the hepato-biliary system associated with common bile duct obstruction are intimately related to bacterial infection. Unfortunately, in most instances it would seem that clinical features cannot be relied on to distinguish those patients with and without bacteria in the bile. Indeed, in the few cases studied, this distinction was not possible histologically either. It seems clear that only by the use of quantitative bacteriological techniques will it be possible to determine the presence or absence of bacterial infection and thereby elucidate the role of infection in the pathogenesis of disorders such as biliary cirrhosis.
The problem of determining the role of bacterial infection in the pathogenesis of biliary cirrhosis is remarkably similar to that of determining the role of bacterial infection in the pathogenesis of chronic pyelonephritis. In Primary biliary cirrhosis, i.e., cirrhosis resulting from disease of small bile radicles within the liver, is another disease, the etiology of which is the subject of controversy. Some etiologies are known, e.g., viral hepatitis, toxic drugs; however, cases remain where no etiological factors have been detected. In view of the marked susceptibility to bacterial infection induced in the liver by extrahepatic biliary obstruction, it would seem of great importance to search for a similar increased susceptibility to infection in association with intrahepatic biliary obstruction, both in man and animals.
The pathways by which bacteria reach the hepato-biliary system in man are not known. The bacteria recovered from bile in the present study are those which reside normally in the intestine. There is some qualitative evidence that portal bacteremia, particularly in patients with disease of the intestine, is not uncommon.`Since small bacterial inocula can produce hepato-biliary infection in the presence of acute bile duct obstruction, it seems plausible that even transient portal bacteremia of only a few hundred micro-organisms might be sufficient to initiate hepatic infection. Such a small inoculum of bacteria would not be detected in the peripheral circulation because of the well-known efficient filtering properties of the 326 Volume 
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Bacterial infection of hepato-biliary system j FREEDMAN, GOLDENBERG liver.' It would be desirable to have much more information about this subject.
SUMMARY
Bile samples were obtained from 18 patients at surgery and cultured quantitatively. Evidence of bacterial infection was detected in most of the patients with common bile duct obstruction but only rarely in the absence of obstruction.
It was not possible to distinguish patients with and without biliary infection on the basis of clinical findings or histological changes within the liver.
These results in man confirm experiments in animals which demonstrate the marked susceptibility of the liver to bacterial infection following acute common bile duct obstruction.
The role of bacterial infection in the pathogenesis of cholecystitis and biliary cirrhosis is discussed.
